Abstract: Climate change entails many situations of tele-coupling. We analyze an example in the field of European climate and energy policy. The EU aims at an almost full decarbonisation of its economy by 2050. Achieving this objective asks for transforming the energy sectors of EU Member States. These are responsible for 80% of carbon emissions. Further to this policy coupling, the EU transformation objectives have to be implemented by the Member States, regions and local actors. This proves especially complex in the field of energy efficiency. Here, a variety of policy instruments and actors are in place. In our contribution, we investigate in the question how multi-level governance arrangements in the energy efficiency field are designed. We focus on Germany as example for a federal state setting. Our review method comprises literature content analysis, primary sources, expert interviews and an in-depth screening of the German Sustainable Energy Action Plans. We find that formal vertical coordination has been successfully backed up by horizontal and especially informal governance mechanisms, leading to a model of polycentric governance. This model might serve as blueprint for other multi-level governance arrangements. Yet, we find that the "last mile" of this coordination still needs strengthening: Local actors need more active engaging and empowering to reap the full potential of the governance arrangements.
Introduction
Climate change entails situations of increased connections and interdependencies between distant actors and regions [1, 2] . These phenomena of teleconnection [3] or tele-coupling have recently gained attention in land system sciences [3] [4] [5] [6] [7] [8] . The concept of tele-coupling describes physical connections, say the influence of soy bean demand in Europe on the producers in Brazil [9] . It also comprises societal and economic connections such as movements of goods, people or capital [2] . Following this analysis, a strand of literature ventures to find appropriate governance solutions. A number of works on tele-coupling governance in the framework of globalization suggested the creation of international institutions based on a top-down governance approach in a multi-level governance (MLG) framework [5, 9] . More recent works however suggest that rather polycentric governance (so-called MLG II [6] ) is a more suitable approach to tackle tele-coupling situations and empower local actors to actively contribute to a given problem [10] .
In our contribution, we will focus on a special set of polycentric multi-level governance in European climate and energy policy. By doing this we enlarge the original concept of tele-coupling as interconnectivity of physically distant spaces [11] [12] [13] [14] [15] . For our purposes, we refer to the notion of interconnectivities in the same physical macro-region (European Union): In this region, political, economic and social distances exist between (1) different policy fields (climate change policies and energy policies); and (2) different governance levels (European Union; Member States; regional What is the importance of informal governance for achieving a solid coupling of all government levels and actors? And finally: Is the direct connection of the local level to EU policies strong enough to empower and emancipate individual citizens to participate in this governance structure?
To provide answers to these questions, this paper is structured as follows: In Section 2, we outline the key background of EU energy efficiency policies and link it to the specific German situation. Our methodology is presented in Section 3. Section 4 shows our findings for the coordination arrangements at European and national level. We discuss the validity of our results and the system boundaries of our research framework in Section 5 and draw conclusions on effective multi-level governance designs in Section 6.
Energy Efficiency Policies in the EU: Some Background
The EU has followed energy efficiency policies since the 1970s. Originally, environmental regulations were used to justify EU action in this field, as the EU did not have legislative competence foreseen in the European Community framework. This changed with the Treaty of Lisbon (Treaty of the Functioning of the European Union, TFEU), where article 194(1) empowers the European level to act in the field of energy efficiency.
In the Green Paper on Energy Efficiency [46] of 2005, Commission analysis showed an economic energy saving potential of 20% primary energy compared to the PRIMES business as usual scenarios for 2020. The Council of the EU turned this economic potential into a political target. It established the framework of the EU 2020 sustainable energy and climate goals in the energy and climate package of 2008. These goals consist of 20% reduction of greenhouse gases compared to 1990, 20% renewable energy sources in the energy and exploiting the 20% energy saving objective, all to be fulfilled by 2020 [47] .
To reach the objective, the EU introduced or amended a set of secondary legal instruments (see Table 1 for an overview). These instruments consist of directives (transposition by the Member States needed; giving them leeway on the implementation) and regulations (no transposition is needed; legislation directly applies to the Common Market). [51] ). The Service Directive asked Member States to deliver 9% end use savings by 2016 and demonstrate the achievement of these savings in tri-annual National Energy Efficiency Action Plans. The process of submitting, commenting and up-dating these plans has been retained in the EED. It proved to be a central governance element, which enables a structured dialogue between the European Commission and Member States. It will be analyzed in detail in Section 4.1.
Further to legislation, the Commission has tabled several communications and two EU action plans (2006 and 2011) on energy efficiency [52, 53] . Especially the action plans with annexed list of multiple measures (in the case of the 2006 Action Plan, the list of annexed measures covers over 90 individual actions targeting European or national level) underlined the need to use a variety of policy instruments in different sectors. This implies working and coordinating closely with a multitude of stakeholders and actors, mainly at local level [54] . Local action is framed and supported by both national and regional governments, as well as local citizens and stakeholders [55] [56] [57] [58] [59] [60] [61] [62] . To trigger additional local action, the European Commission initiated formats such as the Covenant of Mayors for Climate and Energy [63] as well as the Smart Cities and Communities Initiative [64] . These in turn have proved a valuable means of tele-coupling European and local level for sustainable energy and climate policy action, which we will review in detail in Section 4.1.
Following the Roadmap 2050 modelling exercise in 2012 [65] and the discussion on the update of the sustainable energy and climate objectives to 2030, the European Commission has tabled the "Clean Energy for All Europeans" strategy in 2015 [66] . The strategy and its related legislative "Winter package" fill the wider political concept of an EU Energy Union. Following a proposal of Council president Tusk, the Juncker Commission has upgraded sustainable energy policies into one of its ten "flagship initiatives" for the Commission working period 2015-2019 [67] . The overall aim of the Energy Union are security of energy supply, competitive energy prices and sustainability. The EU intends to reduce its greenhouse gas emissions by 80-95% by 2050 through these objectives to fulfil its pledge to the Paris Agreement. The strategy recognizes the greenhouse gas-energy use nexus and installs energy efficiency as cornerstone for achieving the CO 2eq. reduction targets of the EU ("energy efficiency first") [68, 69] . With that, the two policy-fields are politically (tele-)coupled.
This coupling strategically necessitates an update of the sustainable energy targets for 2030. These are now tentatively set at reducing greenhouse gas emissions by 40%, achieving minimum 27% renewable energies in the energy mix and a proposed increase of energy efficiency by minimum 27%, potentially 30% [70] . It can be assumed that the objectives will still change, following political negotiations between Commission, Member States and the European Parliament. To support the more ambitious stance on energy efficiency, the "Winter Package" put forward revisions or recasts of all major energy efficiency legislation [71] (see Table 1 for proposed updates). The negotiations are still on-going but can be expected to be closed during the Bulgarian or Austrian Council presidency in 2018.
The need to step up efforts on energy efficiency to reduce greenhouse gases increases the need to coordinate among actors from different government levels. In consequence, several formal and informal coordination structures have developed that can serve as blueprints for multi-level governance, assuring a tele-coupling of European and local level.
The devised mechanisms can be exemplified with Germany as model for a federal structure. Optimally EU and Member State coordination leads to national coordination of the federal government with regional and local actors. Germany plans to reduce primary energy consumption by 20% in 2020 and by 50% in 2050 as compared to 2008 levels [72] . The latest strategy documents however show that the country needs to achieve further energy savings to deliver on these objectives [73, 74] . Taking up further measures implies a close interaction between federal government, the 16 federal states and the local level. We will now present our methodology for reviewing governance arrangements in the energy efficiency field.
Methodology
Building on the institutional analyses put forward by IEA (2010), Jollands and Ellis (2009) and Delina (2012) [41] [42] [43] , we will start to present the formal institutional arrangements taken at EU and national level (Germany) for energy efficiency governance.
In order to review the European and German governance on policy coordination, we applied a two-tier approach. Tier one consisted of a comprehensive review of existing literature and reports on energy efficiency governance and policy coordination in Germany. To identify peer-reviewed papers we referred to Science Direct, EconLit and the Genios databases, the latter also to identify press and internet reviews. Of our search results, we retained 25 peer reviewed papers and 14 non peer-reviewed analyses and reports.
To identify suitable primary sources (reviews, studies and reports) we screened document repositories of the European Commission (DG Energy and DG Clima), the Cordis database (Community Research and Development Information Service) and the EU Joint Research Center's Publication Repository. The Legislative Observatory (OEUIL) of the European Parliament allowed us to track latest information on the governance regulation, which is presently under negotiation. The online database of the Covenant of Mayor allowed us to access the total of available Sustainable Energy and Climate Action Plans. To obtain material on the German governance mechanisms we retrieved information from the document repositories of the Federal Government, the Federal Ministry of Economic Affairs and Energy, the Federal Agency for Energy Efficiency and the national energy agency (dena). We identified similar sources at regional level, with a focus on the most populous states of North Rhine-Westphalia, Bavaria and Baden-Wuerttemberg. The material retained for analysis consists largely of primary sources such as legislative texts, impact assessments, research studies and policy reports. In total, this additional literature pool of primary sources consists of 38 documents.
In a second step, we validated the retrieved results by additional fact-finding. For this we could draw on information obtained through a total of five semi-structured interviews and two rounds of expert discussions with EU and German government representatives, civil society and energy experts. Interviews and expert workshop sessions were arranged along a predefined questionnaire and discussion questions, including both open and closed qualitative questions. Their key aim was to close factual knowledge gaps on the implementation of energy efficiency governance (interviews) and future possibilities to enhance this for EU energy policies at large (workshop sessions). EU feedback was retrieved in a dedicated workshop on energy governance (Trialogue workshop of the Governance Platforms of Humboldt and Viadrina universities on the governance of the EU Energy Union; Berlin 13 July 2017) which also included structured discussions with representatives of the German federal level and policy stakeholders at large [75] . The German-language evaluation of the discussion is available with the Supplementary Material. Following up on an earlier review of monitoring and verification of energy efficiency policies [44] we obtained information through semi-structured interviews with regional agency and government officials from North Rhine-Westphalia, Bavaria and Baden-Wuerttemberg, Germany's three most populous states. Table 2 summarizes the interview and workshop arrangements in an anonymized format, following the wish of some of the participants. Finally we analyzed the total set of 60 Sustainable Energy and Climate Action Plans of Germany. Here, we focused on identifying information on coupling of climate and energy policies to the regional, national or European level and the direct tele-coupling of EU and local level via the Covenant of Mayors. This was done by checking whether the plans contained dedicated arrangements to link i) energy and climate policies and ii) links or relations to regional, national or EU programmes in these fields. In addition, we investigated whether the plans were set up through means of involving the local population, industry associations or NGOs to create ownership and empower local entities and individuals and whether local energy efficiency objectives were set to support the overall EU energy efficiency goals (see Table S1 ).
To systemize our results we distinguish in line with Kemp et al. (2005) [76] between vertical coordination of different government levels and horizontal organization of entities at the same level. Our validation process showed that apart from the "classical" coordination mechanisms, which follow the legislative process in a multi-level governance setting, informal mechanisms play an increasingly important role. This is why we will also distinguish between "formal" and "informal" coordination arrangements.
Results: Tele-coupling of Energy Efficiency Policies

Governance Arrangements between EU and Member States
Formal Vertical Governance
The Treaty of the Functioning of the European Union (TFEU) codifies formal governance arrangements between European level and Member States. For energy efficiency polices, article 194(1) establishes a clear mandate for the European level. Article 4 TFEU classifies energy policy at large as "shared competence", installing the subsidiarity principle in this field [16, 77] . In practical terms, this implies that all major acts and regulations fall under joint law-making of European Commission, Council and the European Parliament (ordinary legislative procedure, OLP or "co-decision"). Whereas product legislation (eco-design and labelling) usually takes the legislative form of "regulation" to be directly applicable in the common market, the majority of legal acts is adopted as "directive". The latter necessitates a transposition into national law to become effective. It leaves the Member States with some digression on how to implement the legislation in detail. Often technical details have to be settled following an OLP agreement or need to be up-dated over time. For this, it is common to install "comitology committees". Under the chair of the European Commission, Member States representatives and Commission discuss implementing and delegated acts that modify or clarify legislation (See [78] for a detailed overview on the comitology procedures).
Member States need to notify the European Commission of the implementation of the EU acquis. The Commission can launch an "infringement procedure" against a Member State in case of non-transposition or non-compliance of the transposition with EU legislation. This could potentially lead to a court case with the European Court of Justice and financial penalties. To start the procedure, the Commission sends out a "letter of formal notice", requesting transposition details from a Member State. The Member State in turn must reply within a given period (usually eight weeks). In case the country's reply is not satisfactory and the Commission concludes the legal obligations are not (fully) met, the Commission will send out a formal request to comply ("reasoned opinion"), explaining the issues of non-compliance and again asking the Member State to act within a deadline (another eight weeks). If again the reply is unsatisfactory, the Commission can decide to refer the issue to the Court of Justice [79] .
In cases where an infringement is not expected or simply information missing, the European Commission has the possibility to start an informal dialogue with the Member States, the so-called "EU-PILOT". This online database is used to exchange information prior to an infringement procedure. Using this exchange channel, a Member State has ten weeks to reply to an inquiry and the Commission 10 weeks to reply to the Member State's response. In 2016, 790 pilot cases were opened and some further 875 pending. Still, in 75% of cases in 2015, the cases could be closed due to satisfactory replies from national governments [80] . Using the EU-PILOT as clarification tool for transposition is common for all energy efficiency acts. Especially with the implementation of the energy efficiency saving obligations of article 7 EED, the Commission has started pilots with almost all Member States [81] which in some cases are still open.
The governance arrangements presented may be suitable for formal exchange on legal implementation of energy efficiency acts. Yet, they fall short of pushing for an "ambitious" implementation of the legislation in several respects: (1) a continuous dialogue on policy upgrades is not possible. Especially in the field of energy efficiency, relying on a multitude of policies and measures at national level, this is of prime importance; (2) the process does not allow for a best practice exchange, neither vertically (between Commission and Member States), nor between Member States (horizontal coordination); and (3) as EU law binds only Member States/national governments, a direct link to actions in the regions and at local level is not possible within this format. In order to address these shortcomings, the European Commission has added further coordination tools.
Informal Policy Coordination Mechanisms
The shortcomings addressed in Section 4.1.1 are not specific to the energy efficiency field. They relate to several EU policy fields where a limited transfer of competences to the EU level or a lack of coordination competence exist. This has lead the European Commission to apply several modes of "soft governance", with the open method of coordination (OMC) being the most prominent example. As Knodt [71, 82] points out, the Lisbon strategy installed OMC on the bases of voluntarism, participation and policy convergence. Usually standard setting, iteration and learning processes are used by means of peer-review, best practice exchange and benchmarking. Generally OMC installs a coordination mechanism by setting central goals and allowing for decentralized implementation [83] . [84] . This process allows the Commission to comment on the transposition of policies and measures taken in the Member States, allowing for an enhanced vertical coordination.
During the first two rounds of NEEAPs in 2007 and 2011, reporting and the strive for standardized monitoring and reporting were key issues [44, 85] . In 2011 it became obvious that business as usual policies would entail missing the 20% efficiency target. This led to policy action on enlarging and enhancing the policy action in the framework of the Energy Efficiency Directive but also to the need to find formats that allow informal discussions with Member States on the "ambition level" of policy implementation. It soon became obvious that the NEEAPs could serve as a basis for a structured dialogue on energy efficiency policies between Commission and Member States. In consequence the Commission asked Member States to use NEEAPs as a "policy tool" [86] . This implies shifting the focus of the NEEAPs from the monitoring and reporting of energy savings to the display and evaluation of national policies and measures with the aim to support ambitious energy efficiency policy. The 2012 Energy Efficiency Directive (EED) confirmed this philosophy and has issued a template for the preparation of the NEEAPs and added lighter Annual Progress Reports to allow for a more frequent exchange on policy updates. This allows for a quasi-continuous structured dialogue on the various provisions between the Commission and Member States. Among Member States, the OMC method of benchmarking should be easier with this structure, allowing them to identify best practices. From 2020 on, the NEEAP reporting will be integrated in the larger framework of integrated National Energy and Climate Plans (iNECPs; see [71] establishing the OMC method as method for the governance of the Energy Union. This approach is coordinated with the presently revised EED [87] .
Given the technically complex and necessarily fragmented approach to implement energy efficiency polices, Commission and Member States agreed that a regular additional exchange on policy implementation was needed on an informal basis. They installed so-called "Concerted Actions" supporting the implementation of the EED and the EPBD (Energy Performance of Buildings Directive). Both formats enable bi-yearly informal meetings between Member States and Commission Services. Key features of the meetings are implementation issues and best practice exchange [88] . The meetings follow "core themes" covering the key requirements of the underlying legislation (NEEAPs, Financing, Public Sector, CHP and Heating and Cooling, Energy Services, Energy Obligation Schemes, Metering and Billing, Consumer Information in the case of the EED). Discussions and internal procedures follow Chatham House rules to allow frank and trustworthy exchanges on best practices but also shortcomings. Still, key outcomes of these meetings are available to the broad public in the form of consolidated reports.
Applying OMC to energy efficiency policy allows a much closer and quicker interaction with the Member States' national institutions. It does not solve the shortcoming of addressing regions and the local public and private entities where the bulk of energy savings and hence greenhouse gas reductions can be achieved.
At regional level, this problem is less pronounced as the Committee of Regions can serve as an intermediary between European and regional level. In order to establish tele-coupling of the European and local level and accordingly directly reach out to local stakeholders, the Commission has set up several platforms and initiatives. Of these initiatives, the Covenant of Mayors for Climate and Energy [89] is the most comprehensive one. [90] . Here again, the classic method of OMC applies to achieve a tele-coupling of European and local level.
Summing up the discussion of the governance arrangements in the energy efficiency field, it can be shown that the European level uses both formal and informal methods of coordination to (i) safeguard the implementation of EU legislation and (ii) incite an "ambitious" implementation in the sense of harvesting the full energy efficiency potential and hence greenhouse gas reduction options. Table 3 provides an overview of the governance methods. We will now turn to the institutional arrangements for multi-level governance at Member State level in the field of energy efficiency. Here, the example of Germany can serve as a blueprint for countries with a federal architecture.
Multi-Actor Coordination at Member State Level: The Case of Germany
Assignment of Competences in the German Multi-Level Governance Structure
Energy efficiency plays a key role in reaching the climate and energy targets for 2020 underpinning the German energy transformation strategy ("Energiewende"). Furthermore, the federal government has pledged an indicative objective in terms of absolute primary energy consumption to fulfil article 3 of the EED and support the overall EU 20% energy saving objective.
The federal structures of Germany imply that all levels of government (federal government, regional federal states and local level) have competencies in the various fields of energy policy [91] . It follows that regional governments can and do add to federal government energy policy. In the case of climate and energy efficiency policies, the federal government and the federal states act as co-legislators. According to the subsidiarity principle, federal and local level can enact legislation once this is not done at central government level or once the regional and/or local regulations surpass the ambition of the federal regulations.
By now, all 16 federal states have enacted climate and energy strategies. These cover climate policy and energy efficiency objectives (see Table 4 ). To support the implementation of the policy strategies or simply national regulations, federal states and local actors have set up a multitude of institutional arrangements. These span from a clear assignment of the energy and climate topic to a responsible state ministry to the set-up of regional and local energy agencies.
Institutional arrangements have been set up at all government levels to safeguard policy implementation. These arrangements span from a responsible ministry for energy efficiency at federal state level, to the set-up of regional and local energy agencies. In some cases, these institutions co-exist. To cite two examples, the work of the state energy agency of the state of Baden-Wuerttemberg is complemented by 27 local energy agencies; five local agencies add to the regional agency in case of North Rhine-Westphalia.
Clearly, the logic of policy coordination differs from the logic applied with a centralized government structure [43] . The German coordination mechanisms closely follows the principle of subsidiarity. It is the task of the Federal Government to define a (minimum) set of policies in the energy efficiency field. Based on this, the federal states can add further energy and climate change policies. The local level is responsible for implementing these measures. Often it is given leeway to adapt them locally, by potentially adding components that fit local needs.
As in the case of the European Union, policy coordination in Germany can be analytically divided in (i) vertical and horizontal coordination, implying coordination top-down or bottom-up between the various levels of government; and (ii) formal and informal coordination, distinguishing between legally binding coordination such as the implementation of laws and non-binding interaction such as the exchange of best practices, benchmarks and support schemes. The IEA and several EU projects regularly review coordination mechanisms of their Member States [91] [92] [93] [94] . These reviews however limit themselves to stocktaking of the formal vertical coordination.
Formal Vertical Policy Coordination
With energy efficiency, competencies shared between federal and regional governments, the formal vertical coordination overall follows the law-making process [44] . The second chamber of Parliament (Bundesrat; members are representatives of the federal states) needs to approve energy efficiency legislation. The government's draft laws will be circulated to the chamber's committee on 'economy and energy' or 'environment and climate change'. Here, the 16 federal state ministries in charge of energy and climate issues will comment and amend the federal government's proposal. The amended proposal will be voted in plenary and passed on to the first chamber (Bundestag) for approval. The federal state ministries will in turn coordinate with local representatives once local level implementation is needed.
Owing to the federal structures of Germany, this process of law-making is not particular to energy efficiency and climate policies. It is common to most fields of policy, turning it to an established procedure in law-making. Commentators argue that despite being relatively slow in comparison to centralized states this institutional procedures are highly effective in terms of coordination and concertation [95] .
Like at European level, the German authorities have developed semi-formal vertical mechanisms to smoothen and speed up the formal law-making process for energy efficiency policies. Again, the method of OMC is applied. At regular intervals the Federal Ministry of Economic Affairs and Energy chairs a working group on energy efficiency (Bund-Länder-Arbeitskreis Energieeffizienz). This group consists of the responsible government officials at federal and federal state level. Informal talks and best practice exchanges are supposed to fine-tune the implementation of energy efficiency policies.
Formal horizontal coordination of climate and energy efficiency policies takes place both on national and on federal state level. Key for the coordination mechanism is the integration of all relevant formal actors, mainly ministries and government agencies. A lead ministry drafting a legislation is obliged to set up an inter-ministerial working group (Interministerielle Arbeitsgruppe, IMA) to ensure policy coherence [96] . At federal state level, additional working groups, the so-called "inter-ministerials" ensure that energy efficiency is dealt with even if the dossier is assigned to an economics ministry in one state and an environment ministry in the other.
At local level, the associations representing cities and communities usually take up direct horizontal coordination. Dedicated instruments to support this coordination (e.g., best practice databases, internet fora; common procurement processes) do not exist for the time being.
Informal Policy Coordination Mechanisms
Formal energy efficiency coordination mechanisms are overall designed to guarantee smooth law-making in line with a multi-level governance structure. It does not however cover a direct exchange with stakeholders outside the governance system. In addition to the semi-formal concertation between government entities, the German federal authorities have set up informal working groups reaching out directly to stakeholders such as industry representatives, consumer organizations or NGOs. These "energy efficiency platforms" are ad hoc meetings to discuss policies and measures to increase energy efficiency in different sectors. This allows knowledge exchange on topics such as the implementation of energy efficiency in buildings or in the transport sector.
The federal ministry of economics and energy used this informal coordination for the first time to develop the 'National Action Plan on Energy Efficiency' (NAPE). This plan supplements the 2014 National Energy Efficiency Action Plan (NEEAP) submitted to the European Commission [33, 97] with further action. Government actors at all levels and overall stakeholders were invited to submit bottom-up proposals for additional energy efficiency measures to reach the national energy efficiency and climate objectives. Drawing on OMC techniques, a standardized format was used including the need to estimate the energy saving impacts of the measures proposed. Using the OMC method of iteration, the ministry circulated the proposals among stakeholders and hosted platform meetings for overall discussion [97, 98] .
Similar informal stakeholder processes exist at federal state level similar informal coordination mechanisms exist. Often energy efficiency is one of several cornerstones in a larger climate policy context. One prominent example of bottom-up development of strategies and measures is the Climate Concept and Climate Action Plan of North Rhine-Westphalia. Concept and Action Plan were drafted, discussed and finally adopted by using iterative stakeholder consultation processes, which also reached out to citizens [96] .
With the growing role of energy efficiency, the local governments show a growing interest in informal policy coordination among themselves. This leads to project bundling for public procurement (joint contracting solutions on street lighting or energy efficient office equipment) which is loosely coordinated through the local and regional energy agencies and in some cases local energy efficiency networks. European formats such as the Covenant of Mayors or Smart Cities and Communities continue to raise interest with local actors but remain patchy in comparison to other EU countries.
In comparison to the over 3000 Italian adherents to the Covenant, only 60 German cities participate. The small number can be attributed to the existence of competing formats such as the European Energy Efficiency Award. Given that some 11,100 cities and communities exist in Germany, the simple number alone hints that the potential for horizontal coordination is not exploited to its full potential. This also limits the tele-coupling effect of linking European and local level in Germany. The plans set up locally are to be coordinated with local actors and stakeholders in order to empower them and create an active link and ownership of the individual to the overall macro-economic and political EU objectives.
This unexploited tele-coupling impact shows as well when closely analyzing the German SEAPs/SECAPs. As discussed in Section 1, climate policy and energy policies are coupled with renewable energies and energy efficiency contributing largely to greenhouse gas emissions. For this, the overall 20% greenhouse gas emissions reductions would need to be underpinned by stringent energy efficiency policies and measures. Our review (see Table S1 ) however shows that only eight of the 60 SEAPs/SECAPs contain dedicated objectives for energy efficiency improvements. Here again, a leeway for improved coordination or standard-setting along the line of OMC can be seen.
Summing up the German coordination arrangements for energy efficiency policy (Table 5) , it can be shown that informal arrangements are strongly supplementing the formal coordination structures. The informal arrangements are strongly patterned along OMC methods such as iteration, benchmarking and best practice exchange and can help to overcome classical energy efficiency barriers like information gaps [36] . Especially the inclusion of a broader range of stakeholders allows tracking deficits or gaps with the present set of climate and energy efficiency policies.
Discussion
The field of climate change lends itself to analyze many situations of tele-coupling, involving geographically or procedurally different actors [1, 2] . Especially in the European Union a strong link to energy policies exist. As discussed above, reaching the overall European greenhouse gas reduction objectives is largely depending on the individual preferences and choices of individual citizens in the EU to improve energy efficiency. Unlike the fields of industry emissions or the uptake of renewable energies, energy efficiency policies necessitate a set of multiple actors and instruments and cannot be tackled by one single instrument alone [53] . A set of multi-level government arrangements have been installed to make up for these difficulties. They link the European to the local level and even the individual citizen with the clear aim of empowering them to achieve the energy savings needed.
Our review tends to support the works in related tele-coupling reviews [3, 9] , which argue that multi-level governance arrangements can solve coordination problems that arise in situations of tele-coupling. The effectiveness and coupling effect of many instruments are hard to evaluate, given their informal nature. In addition, both effectiveness and coupling effect with the ad hoc instruments depend strongly on the individual case. For example, the effectiveness may be very high at one occasion (say implementation and feedback of energy labelling) but less effective at other moments (say building certificates). Table 6 sums up proxies for an assessment of the effectiveness of the regular governance and tele-coupling arrangements taken, leading to an overall first qualitative assessment. Suspension of membership in case of missing documents for establishing SEAP/SECAP. Updates/monitoring reports: signatory is put on hold, implying that the city profile on the public website will turn grey and will not appear when searching.
Effectiveness depending strongly on national setting (e.g., number of adherents in Italy versus Germany). Given the overall CO 2 -reduction focus, the impact on shaping energy efficiency policies remains limited with overall majority of plans.
Source: Author's own compilation.
Our findings confirm the key role of formal vertical coordination structures as discussed in literature and policy reviews [41, 42, 93] . Still we suggest that horizontal coordination and-to a much larger extent informal coordination mechanisms-can help to align policies across several levels of government and at spatial distance. This underlines the need to investigate further in polycentric governance as analyzed by Oberlack et al. [10] . Formats such as the Concerted Actions or the Covenant of Mayors help to bring together stakeholders and arrange policy implementation in a systematic manner. Eakin et al. point out in their works on land-use coupling similar findings with the emergence of new actors that take the role of facilitators [7] . The success of informal arrangements such as OMC shows through their up-take in other fields (the set-up of a Concerted Action on the Renewable Energy Directive) and as overall coordination structure for post 2020 EU energy policies [71] .
The institutional arrangements presented can serve as blueprints for other fields of resource governance. However, our findings tend to confirm the work of Swyngedouw [45] , pointing out that a clear distinction is to be made between effective governance, emancipation and empowerment of the individual actors. The arrangements found in the energy efficiency field are installed mainly in a top-down manner. One notable exemption is the regional climate and energy concept of North Rhine-Westphalia that has been developed in a comprehensive stakeholder dialogue process [96] . Our screening of the German SEAPs/SECAPs shows that only six of the total of 60 plans have been set up through local stakeholder consultations or include stakeholder feedbacks and only eight of the 60 tackle energy efficiency targets directly. This highlights that also in climate and energy efficiency governance institutional arrangements and processes might need to be improved "on the last mile" for a full emancipation and empowerment of individual actors to contribute to EU climate and energy policies.
Especially at local level, limited capacities and resources as well as fragmented jurisdiction represent key barriers against further participation. Many municipalities still lack awareness on existing EU funding or capacity building possibilities. Emancipating local actors works on several levels: It comprises both formal and informal inclusion in policy design and policy feedback processes in political terms. In terms of empowerment, local actors need to have access to best practices, exchange networks and financial support. EU-financed projects such as "Mayors in Action" [55] can help to foster this empowerment -again by means of tele-coupling -but remain too selective to close the gap at this level.
Turning to the wider perspective of lessons learnt of this case for the field of "critical and transformative sustainability sciences", the following three issues deserve further looking into: (1) Rather than classic top-down governance, polycentric governance structures seem more promising arrangements to include and empower the local level; (2) the notion of governance should not restrict itself to formal arrangements, but also consider informal settings that facilitate the formal arrangements; and (3) adequate support and capacity building is necessary especially at the "last mile" of the governance chain. This can be provided by direct tele-coupling with more distant policy levels and actors, which is the case between local and EU level in the case of energy efficiency policies.
In order to deepen and generalize these findings, we suggest further research based on this review. EU energy efficiency policies and the German institutional set-up is a valid, but still limited case for polycentric governance across several institutional levels. This review would need to be enlarged to other EU countries with a "federal" setting (say Austria, Belgium, Italy or Spain) or contrasted to a more centralized approach like the French governance system.
In addition to enlarging the realm of review, a deepening of the analysis would lend itself for further research. Our regional analysis focused on only three of the 16 German federal states. The same is true for the local level concerning two aspects. (1) In-depth interviews with the signatory cities and communities could not be undertaken but might deliver further insight on why so few chose to opt for a larger stakeholder involvement, empowering individuals to participate in the formulation of local climate and energy policies. ( 2) The cities participating in the Covenant of Mayors are likely those that support sustainable energy systems and lowering CO 2 emissions and can consequently be regarded as frontrunners. Taking a larger sample of cities and investigating in the reasons for not participating in the governance scheme might deliver valuable further insights. It should also be noted, that our review focused formal and public governance, while it only skim-reads other forms of governance like societal self-governance such as energy cooperatives or self-sustained energy regions [99] [100] [101] [102] [103] [104] . Whereas both are less developed in the field of energy efficiency, a follow-up analysis would be beneficial.
Conclusions
This paper analyzed multi-level governance for energy efficiency policies in the EU and Germany based on a comprehensive literature review, structured interviews with the relevant actors at all levels and a screening of the local Sustainable Energy and Climate Action Plans of 60 German cities and municipalities. We find that tele-coupling of European climate and energy objectives with local delivery at individual citizen level can be solved by introducing stringent multi-level governance. Optimally this governance should be polycentric, including horizontal governance relations between actors of the same level. Clearly formal governance is a sine qua non. Still, to be fully functioning, informal mechanisms should back it up.
The Covenant of Mayors is an example for a governance arrangement, which tries to directly connect European and local level. It can be seen as establishing a "political tele-coupling arrangement". Logistic support is given to the local level to set up SEAPs/SECAPs. Both the cascading polycentric energy efficiency governance and this "tele-coupling shortcut" can serve as potential blueprints for other tele-coupling arrangements. Still, our findings suggest that outreach to the individual citizens still needs to be improved to create a stronger policy coherence at this "last mile" of policy delivery.
This linking to individual citizens is key to empowering them to actively participate and govern in EU climate and energy policies. Further research is needed to identify (1) means to enlarge the coupling of EU-local level to more local entities and (2) best practices to include and activate final consumers in the governance arrangements.
Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/10/6/1754/ s1, Figure S1 : Evaluation of energy governance workshop, Table S1 : Evaluation of SEAPs and SECAPs.
